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by an arrow. For each experiment, the 100% Normalized Recovery limit is set to the normalized mean intensity of the five pre-bleach time points (T<0). A) The N- Two criteria were tested to ensure the efficacy of the knockdown by small hairpin (sh) induced RNAi. First, expression of the shRNA must knock down expression of the corresponding GFP-tagged protein target ( Figure S6A ). Second, it should de-repress a piRNA silencing reporter that contains piRNA target site embedded in the 3′ UTR of LacZ ( Figure S6B ) (Handler et al., 2013) .
Generation of Transgenic Fly Lines
Transgenic protein constructs for injection were generated using the Gateway cloning system (Life Technologies). cDNA were obtained by RT-PCR from ovarian or testes RNA of adult Drosophila melanogaster, Oregon R strain. Point mutations were engineered by overlap PCR and inserted in the pENTR-D-TOPO directional cloning vector (Life Technologies). Transgenes were cloned into the pUASP-Gateway-phiC31 fly injection vector derived from pCasPeR5-phiC31 vector containing GFP, mKate2 or Strep-FLAG tags using the Gateway cloning system (Life Technologies). All transgenes created for this manuscript contain Nterminal tags, with the exception of SpnE and Zuc transgenes, which were Cterminally tagged. The expression of each transgene was controlled using the yeast upstream activation sequence promoter (UASp) stably crossed with a maternal a-Tubulin67c-Gal4-VP16 (MaG4) driver, which showed strong expression in nurse cells starting at stages 2-4 of oogenesis onwards to the oocyte ( Figure S1A ). Transgenes were generated in flies by PhiC31-mediated transformation (BestGene) using PhiC31 landing pads on either chromosome two (BDSC #9736) or chromosome three (BDSC #9750).
The GFP-Aub BAC line was generated by cloning of the aub genomic locus from the BAC clone BACN04M10 into the pCasPeR4 vector using restriction sites XhoI and SpeI. Bacterial recombineering (Gene Bridges Counter Selection kit) was used to insert an in-frame GFP tag in the start site of Aub.
Cell Culture, Co-immunoprecipitation and Western Blots
Schneider S2 cells were cultured in complete Schneider medium ( at 4°C. Input sample was collected from the supernatant at concentrations of 1-3 µg/µL. Anti-FLAG M2 beads (Sigma Aldrich) were blocked in 5mg/ml BSA for 10 minutes at 4°C, followed by washing in S2 lysis buffer. Beads were added to the supernatant and rotated at 4°C for 90 minutes. Beads were washed three times in PBS + 0.05% Tween-20 and eluted by boiling in reducing SDS loading buffer. by centrifugation at 4,000 x g for 10min at 4°C. Input sample was collected from the supernatant, followed by splitting the sample into two aliquots treated with or without 100µg/mL RNAse A for 10 minutes at 25°C. Anti-FLAG M2 beads (Sigma Aldrich) were blocked in 5 mg/ml BSA for 10 minutes at 4°C, followed by washing in NT2 buffer. Beads were added to the supernatant and rotated at 4°C for 90 minutes. Unbound fraction was collected for analysis and beads were washed 3 times for 5 minutes in 300µL NT2 buffer, and eluted by boiling in reducing SDS proteinase K-digested, and phenol-extracted. Isolated RNA was CIP-treated (New England Biolabs), radiolabeled using PNK (New England Biolabs) and gamma-P32-labeled ATP, and run on a 15% urea-PAGE gel.
Ago3-piRNA complexes associated with Krimp were purified using anti-Krimp rabbit antibody from ovarian lysate of flies expressing a methylation deficient Aub-RK protein to eliminate the interaction between Krimp and Aub.
Protein cloning, expression, purification and Isothermal titration calorimetry
The Tudor2 The unmthylated Aubergine and symmetrically di-methylated Aubergine peptides correspond to residues 6 to 18 (NH 2 -NPVIARGRGRGRK-COOH;) were synthesized and purified to >95% purity at the Tufts University Peptide Facility.
Protein concentration was determined by absorbance spectroscopy. The Tudor2 domain was dialyzed against 150 mM sodium chloride, 20 mM Tirs, pH 7.5, 5 mM DTT. ITC was conducted at a Microcal calorimeter ITC 200 instrument at 20°C. Binding curves were analyzed by non-linear least-squares fitting of the data using Origin 7.0 software.
Microscopy
Ovaries were fixed in 4% PFA in PBS for 20 minutes, permeabilized in 1% Triton-X100 in PBS, and DAPI stained (Sigma-Aldrich). Ovaries were washed in PBS and mounted in Vectashield medium (Vector Labs). S2 cells were allowed to settle on coverslips treated with Poly-L-Lysine (Sigma-Aldrich). After gentle washing, cells were fixed in 0.5% PFA in PBS for 20 minutes followed by staining with DAPI (Sigma-Aldrich), washed and mounted in Vectashield medium (Vector Labs). Images were captured using an AxioImager microscope; an Apotome structured illumination system was used for optical sections (Carl Zeiss).
Fluorescence Recovery After Photobleaching (FRAP)
For each construct, at minimum 20 independent FRAP experiments were performed using ovaries expressing a single GFP-tagged transgene under the 
BL corr values were normalized to the mean of five pre-bleach values, which were used to estimate 100% fluorescence intensity. Using the curve fitter module of FIJI, the normalized post-bleach data was fit to an exponential recovery model:
The mobile fraction was obtained by the sum of coefficients a and c, which describes the maximal extent of recovery for each experiment. The mean mobile fraction for each line was calculated from at minimum 20 replicate FRAP experiments taken from at least four animals from the same stable line.
Nuage:Cytoplasm localization analysis
The occupancy of GFP-tagged protein in either nuage versus cytoplasm was calculated by obtaining the ratio of mean signal intensities of a perinuclear nuage area (N); an adjacent cytoplasmic area (C) of equal area; and a background area (G) using the following equation (See Figure 1B , for example):
At least 80 different imaged nurse cells were analyzed to obtain our measurements. All images were acquired from fixed specimen using the Apotome structured illumination system and a 40x oil-immersion objective.
Granularity of nuage localization analysis
Traces of the perinuclear space for 50 imaged nurse cells from ovaries expressing GFP-tagged proteins were analyzed. The mean intensity value (µ) and standard deviation (s) for each linear trace was obtained and used to calculate the Coefficient of Variation (Cv):
=
The Cv for each analyzed nucleus was plotted using a Tukey box plot (GraphPad Prism).
Quantification of associated piRNA from immunopurified Aub and Ago3
To obtain a measure of piRNA levels co-purifying with immunoprecipitated proteins, a semi-quantitative approach was used. Gel band intensities corresponding to 29-19nt piRNA size range from autoradiographs (I piRNA ) were normalized to western blot band intensities corresponding to GFP-tagged transgenes after IP (I protein ). To account for potential losses in piRNA yield due to RNA purification, IP were spiked with 5pmol of synthesized 42-nt (42M) RNA oligomer prior to proteinase K digestion and phenol extraction. Gel bands corresponding to radiolabeled RNA intensities from the 42M oligomer (I 42M ) were subtracted from western blot band intensities. Background signal intensities from adjacent lane regions of equal area were subtracted from each band intensity measurement. These values were then used to obtain the piRNA normalized signal intensity using the following calculation:
Band intensities were obtained using FIJI software and values graphed using Microsoft Excel. Read counts corresponding to secondary piRNA were obtained by filtering repeat sequences 23-28 nt in length for reads that were of sense orientation to annotated repeats and contained adenine (A) at position 10 and not uridine (U) at position 1. Secondary piRNA read counts for each TE family is shown as a fraction of sequences 23-28 nt in length mapping to the sense orientation of annotated repeats. The fold-change in read count for each TE family was calculated by obtaining the base 2 logarithm ratio of reads in mutant (Mut.) and heterozygous (Het) libraries.
The normalized average fraction of reads with a corresponding ping-pong partner for each type of transposons was obtained by multiple subsampling of each of the two libraries in a pair, where the sample size was equal to the number of reads in the library with fewest reads, or min (|R1|; |R2|). This was done in order to control for the larger fraction of ping-pong pairs that is expected to be observed in a larger set of reads purely by chance. For two sets of reads R1 and R2, we subsampled reads a total of N times (in this case, N=1000), and calculated the fraction of reads f i participating in ping-pong pairs for each subsampling, i. We then defined the probabilities of a given read being in a pingpong pair as the average fraction of reads in pairs from each subsampling:
We have two such probabilities, ^p RE1 and ^p RE2 for each type of repeats RE in each sample. We determine whether the observed differences between two libraries is significant, and obtain confidence bounds by estimating the difference between p RE1 and p RE2 .
For testing the null hypothesis H0 : pRE1 = pRE2 , we calculate the following score:
where:
The score follows a normal Z distribution with m = 0 and s = 1 and a p-value can be obtained from it. As we are testing more than one repeat at a time, we apply a multiple hypothesis testing correction. In this case, the Bonferroni-corrected (a/|RE|) two-tailed p-value is calculated as:
The confidence interval of the difference |p RE1 -p RE2 | is calculated as follows:
For the 95% confidence interval, Z a=0.05 =1.96.
The fold-change in read count for each TE family was calculated by obtaining the base 2 logarithm ratio of reads in mutant (Mut.) and heterozygous (Het) libraries.
